Multimodal endovascular intervention is becoming more commonplace for the acute intervention of ischemic stroke. Hyperdensity in a portion of the treated territory is a common finding on postthrombolytic noncontrast CT (NCCT), but its significance is poorly understood. The authors conducted a single-institution, retrospective chart review of patients who had intraarterial thrombolysis of the anterior circulation between 2010 and 2011 with evidence of hyperdensity on NCCT following recanalization. Eighteen patients had evidence of postoperative contrast stasis causing hyperdensity on NCCT. One hundred percent of the patients had MR imaging evidence of completed strokes postoperatively in the same distribution as the stasis. Stasis on NCCT after intervention had a sensitivity and specificity of 82% and 0% for predicting stroke, respectively. Furthermore, the positive predictive value was 100%. The presence of contrast stasis on postthrombolytic NCCT correlates well with stroke seen on subsequent MR imaging. (DOI: 10.3171/2011 
S
troke is the third leading cause of death in the US, with its prevalence on the rise. 15 Given that a large percentage of patients arrive late at the hospital outside the conventional window 15 for treatment, increased attention has been paid to appropriate imaging techniques for assessing tissue at risk prior from endovascular intervention. 1, 3, 5, 8, 9 In ischemic stroke, MR perfusion and CT perfusion mismatch indicates tissue at risk, and this mismatch has been used increasingly to extend the intraarterial thrombolytic treatment window beyond traditional time constraints. Specifically, CT perfusion demonstrating a region of increased mean transit time and decreased cerebral blood flow with preserved cerebral blood volume signifies tissue at risk and has been used by multiple institutions as indications for treatment in the presence of concomitant neurological deficits with varying results. 2, 6, 13 Diffusion-weighted imaging is an MR imaging modality that demonstrates acute stroke based on water diffusion. Perfusion-weighted imaging can be performed via MR imaging or CT and shows cerebral perfusion based on blood flow, blood volume, and transit time. Although both DW MR and PW CT or MR imaging mismatch has been shown to underestimate penumbrae with an increased margin of error when imaging is performed further from the ictus, 10 Hassan et al. 6 demonstrated in a retrospective review no statistically significant difference in strokes as evaluated by CT perfusion or time-guided methods for selecting patients with stroke.
A major risk of endovascular recanalization is intracranial hemorrhage. It is significant enough that much attention has been paid to the improvement of imaging techniques to differentiate infarction from penumbra, or tissue at risk. After intervention, hyperdensity on NCCT can be particularly concerning because of its similarity to hemorrhage, hindering accurate diagnosis and appropriate care (Fig. 1) . At the same time, we propose that this hyperdensity from contrast stasis, frequently found on postthrombolytic NCCT, may in fact be indicative of a completed stroke that will spatially correlate with an MR imaging DW sequence (Fig. 2) . While not necessarily as definitive as true DW imaging, it should give the practitioner information regarding the size and location of residual stroke without putting the critical patient through a time-consuming MR imaging study.
patients analyzed were those who underwent endovascular intervention that demonstrated angiographic recanalization and NCCT done immediately after thrombolysis. Hyperdensity seen on this NCCT, based on subjective determination by a neuroradiologist, was compared with DW imaging findings obtained on postoperative Day 1-4 for the spatial stroke relationship. An on-site neuroradiologist performed the imaging evaluation. Excluded patients were those with thrombolysis of the posterior circulation and those without postoperative MR imaging studies.
Results
Twenty-two patients, 12 females (54%) and 10 males (45%), underwent NCCT studies immediately after thrombolysis. The mean patient age was 67 years (ages 36-85 years; Table 1 ). Sixty percent of at-risk territories were in the right MCA distribution, whereas the remaining 40% were in the left. The anterior cerebral artery territory was at risk in 4 patients as well. Recanalization was achieved in all 22 patients. Postoperatively, 18 patients (82%) had NCCTs demonstrating hyperdensities consistent with stasis in the territory recanalized. Postoperative MR imaging demonstrated stroke in 100% of the patients. Of those who had hyperdensity on NCCT scanning, there was 100% correlation with the infarct seen on postprocedural MR imaging. Four patients with NCCT studies postthrombolysis lacked evidence of stasis, and all of them demonstrated stroke prior to discharge. Therefore, the overall sensitivity of postintraarterial thrombolytic NCCT correlating with DW imaging findings is 82%, with a positive predictive value of 100%. At the same time, since some type of stroke developed in all patients, the specificity cannot be calculated and the negative predictive value is 0. Notably, petechial hemorrhage did develop in 4 patients (23%), as seen on postprocedure MR imaging, which was not clinically significant.
Discussion
Hyperattenuation or hyperdensity on NCCT after thrombolysis is a frequent finding, although its significance is not well understood. It is thought to result during angiography from the injection of contrast into a territory with a completed stroke where the blood brain barrier is disrupted. 7 As the intraarterial contrast leaks through loose endothelial tight junctions into the extravascular spaces in infarcted tissue, hyperdensity forms. 4 One of the most concerning complications of endovascular intervention is vessel rupture and/or hemorrhage. Multimodal reperfusion therapy has been shown to have an incidence of intraparenchymal hemorrhage as high as 39% in patients who have undergone thrombolysis. 12 In our series, that number was 23%, if attributed entirely to the intervention. Hemorrhage is concerning on NCCT because of its similarity in Hounsfield units to contrast, and MR imaging is beneficial in differentiating these two fluids. Moreover, the presence of contrast within the reperfused territory tends to rapidly dissipate on sequential imaging.
Mericle et al. 11 proposed a classification scheme to determine the prognostic significance of a postoperative hyperdensity, trying to differentiate blood from contrast. In a retrospective review of outcomes in 10 patients, the poorest predictor was for a hyperdensity > 150 HU, which is more likely compatible with blood extravasation.
The diagnosis of lesions mimicking intraparenchymal hematoma after multimodal endovascular stroke intervention is not straightforward given the similar appearance of contrast stasis on CT. In a series of 10 consecutive patients recanalized with intraarterial thrombolysis, the relevance of hyperdense postoperative lesions was evaluated by Wildenhain et al.
14 Sixty percent (6 of 10) of these patients demonstrated hyperdense lesions, which resolved in 2 patients, persisted as strokes in 2, and were asymptomatic in 2.
Jang et al. 7 evaluated 94 NCCTs from patients with strokes treated using endovascular thrombolysis. Thirtyone (33%) had hyperdensities, 18 of which (58%) demonstrated hemorrhagic transformation. 7 In the present study the radiographic incidence of hemorrhagic transformation was 23% (4 patients). None of these patients required surgical evacuation; however, the course of their hospital stay was lengthened.
In these studies, MR imaging has not been routinely followed after multimodal endovascular intervention to determine the prognostic significance of stasis after recanalization and stroke. To the best of our knowledge, the present report is the first to correlate hyperdensity on NCCT with the core of the stroke on postprocedure MR imaging.
In our case series, 18 patients had NCCT demonstrating postrecanalization stasis. The sensitivity and specificity of stasis on NCCT correlating with stroke after intervention were 82% and 0%, respectively. Given that all of the recanalized patients had MR imaging evidence of stroke, the negative predictive value was 0% and the positive predictive value was 100%. While the territory in question showing stasis on NCCT matched the findings on postoperative stroke, without a larger population including more patients without diffusion restriction on MR imaging after intervention, it would be too difficult to assess the specificity and negative predictive value. Still, in the presence of an NCCT demonstrating stasis in the territory reperfused, in the absence of an expected degree of mass effect, one could surmise that this contrast stasis should correlate well with postprocedural DW MR imaging.
One benefit to the correlation of contrast stasis on NCCT and DW imaging findings on MR imaging postrecanalization is that the practitioner may be able to forego putting the patient through MR imaging. Postprocedure, patients are often in a critical state requiring strict blood pressure control and often ventilatory support. Having the patient in a time-consuming MR imaging session while being monitored from a control room poses some risk to the patient, as does transport to and from the MR imaging suite. Moreover, many of these patients have a history of poor cardiac status and have pacemakers or other devices that prevent them from undergoing MR imaging. In addition, there is significant financial cost for MR imaging, which can also be avoided with NCCT immediately postprocedure.
One obvious flaw in this study is the small number of patients. With only 22 patients total, all of whom had stroke on MR imaging, and 18 patients with contrast stasis, the findings could be skewed in favor of a correlation between contrast stasis and diffusion findings. As stated previously, however, the goal of this study was not for NCCT to completely replace MR imaging, but to illustrate a correlation between the two that can be used by a practitioner in the appropriate setting.
Conclusions
Noncontrast CT is a valuable tool for immediate postthrombolysis evaluation. The presence of a hyperdense region in an area that has been reperfused, without significant mass effect, most likely correlates with an area of diffusion restriction on MR imaging and signifies a stroke. Magnetic resonance imaging possesses greater sensitivity to differentiate blood products from contrast and therefore should be considered the gold standard in the postthrombolytic setting. We do not attempt to replace the value of postthrombolysis MR imaging but instead give new significance to the value of the hyperdensity that is often seen on postthrombolytic NCCT.
